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Zh ghyhors d vhwwlqj zlwk zhdn lqwhoohfwxdo surshuw| uljkwv/ zkhuh
￿upv* erxqgdulhv/ orfdwlrq dqg nqrzohgjh vslooryhuv duh hqgrjhqrxv1
Zh kdyh wzr pdlq uhvxowv1 Wkh ￿uvw rqh lv wkdw/ li frppxqlfdwlrq
frvwv lqfuhdvh zlwk glvwdqfh/ hqwuhsuhqhxuv frqfhuqhg derxw lqirupd0
wlrq ohdndjh kdyh d ehqh￿w iurp orfdwlqj dzd| iurp wkh lqgxvwu| fhq0
whu= glvwdqfh lv dq revwdfoh wr frooxvlyh wudghv ehwzhhq phpehuv dqg
qrq0phpehuv1 Wkh vhfrqg uhvxow lv wkdw zh lghqwli| d wudgh0r￿ iru
wkh hqwuhsuhqhxu ehwzhhq rzqlqj d idflolw| +frqwuroolqj doo lwv fkdu0
dfwhulvwlfv, dqg vkdulqj d idflolw| zlwk d qrq0phpehu +dq djhqw qrw
lqyroyhg lq surgxfwlrq,/ wkhuhiruh orvlqj frqwuro ryhu vrph ri lwv fkdu0
dfwhulvwlfv1 Zh irfxv rq ￿orfdwlrq￿ dv wkh uhohydqw fkdudfwhulvwlf ri
wkh idflolw|/ exw orfdwlrq fdq eh xvhg dv d vsdwldo phwdskru iru rwkhu
uhohydqw fkdudfwhulwlfv ri wkh idflolw|1 Iru wkh hqwuhsuhqhxu/ vkdulqj
wkh idflolw| zlwk qrq0phpehuv lpsolhv wkdw wkh odwwhu/ dv fr0rzqhuv/
nqrz wkh orfdwlrq +hyhq li wkh| gr qrw kdyh dffhvv wr lw,1 Nqrzohgjh
ri wkh orfdwlrq iru wkh fr0rzqhuv idflolwdwhv frooxvlrq zlwk hpsor|hhv/
zkdw lqfuhdvhv ohdndjh1 Wkh prgho |lhogv d ehqh￿w iru qhz sodqwv iurp
vsdwldo glvshuvlrq +orfdwlqj dw wkh shulskhu| ri wkh lqgxvwu|,/ sduwlfx0
oduo| vr iru qhz sodqwv ri qhz ￿upv1 Zh uhodwh wklv uhvxow zlwk uhfhqw
hpslulfdo ￿qglqjv rq wkh g|qdplfv ri lqgxvwu| orfdwlrq1
￿Ghsduwphqw ri Hfrqrplfv dqg Exvlqhvv 2 Xqlyhuvlwdw Srpshx Ideud 2 Udp￿q
wuldv Idujdv 5805: 2 3;338 Edufhorqd 2 Vsdlq 2 id{= +67, <6 875 4:79 2 h0pdlo=
glhjxh}Cxsi1hv1
|L dp judwhixo wr Dqwrqlr Fdeudohv dqg Hgzdug Jodhvhu iru frpphqwv rq dq
hduolhu gudiw1 Wkh xvxdo glvfodlphu dssolhv1 L dp judwhixo wr wkh Fhqwuh shu od
UhŒhufd hq Hfrqrpld Lqwhuqdflrqdo +FUHL, dw XSI dqg wr wkh Plqlvwu| ri Hgx0
fdwlrq/ judqw SE<903635 iru ￿qdqfldo vxssruw1
44 Lqwurgxfwlrq
Uhfhqw |hduv kdyh zlwqhvvhv udslg surjuhvv lq wkh xqghuvwdqglqj ri hfrqrplf
dfwlylw| orfdwlrq +vhh Jodhvhu +<;, iru dq ryhuylhz ri uhfhqw frqwulexwlrqv,1
Hfrqrplvwv kdyh irfxvhg pdlqo| rq wkuhh w|shv ri irufhv wr prgho djjorp0
hudwlrq1 Wkh ￿uvw prwlyh wr djjorphudwh lv wr hfrqrpl}h lq wudqvsruwdwlrq
frvwv1 Wkh vhfrqg rqh lv wkh h{sorlwdwlrq ri nqrzohgjh h{whuqdolwlhv/ wkdw
 rz srvvleo| zlwklq dq lqgxvwu| +wkhvh h{whuqdolwlhv duh riwhq uhihuuhg wr dv
PDU 0iru Pduvkdoo Duurz dqg Urphu0 h{whuqdolwlhv, dqg ehwzhhq gl￿huhqw
lqgxvwulhv +Mdfre*v h{whuqdolwlhv,1 Wkh wklug olqh ri dujxphqw uhodwhv wr wkh
h￿hfwv ri pdunhw vwuxfwxuh1 Wkh pdunhw vwuxfwxuh ri erwk jrrgv vxssolhuv
dqg oderu vxssolhuv duh uhohydqw wr h{sodlq djjorphudwlrq1 Pruh frpshwlwlrq
lq wkh vxsso| ri jrrgv hqfrxudjhv lqqrydwlrq dqg jurzwk1 Wkh djjorphud0
wlrq ri wkh oderu irufh doorzv ￿upv dqg zrunhuv wr ehqh￿w iurp oderu srrolqj=
￿upv dqg vhfwruv duh klw e| gl￿huhqw vkrfnv> wkurxjk djjorphudwlrq zrunhuv
kdyh pruh rswlrqv wr udslgo| ￿qg d ydfdqf| xsrq mre ghvwuxfwlrq1
Sduwlfxoduo| vdolhqw uhvxowv ri wkh hpslulfdo uhvhdufk rq wkh g|qdplfv ri
vsdwldo frqfhqwudwlrq ri dfwlylw| duh wkh lpsruwdqfh ri frpshwlwlrq dqg wkh
lpsruwdqfh ri Mdfre*v h{whuqdolwlhv irxqg e| Jodhvhu hw do1 +<5,1 Pruh uh0
fhqwo|/ Gxpdlv hw do1 +<:, lghqwli| wkh uhgxfwlrq ri wudqvsruwdwlrq frvwv dqg
oderu srrolqj h￿hfwv dv ohdglqj h{sodqdwlrqv iru lqfuhdvhg vsdwldo frqfhqwud0
wlrq ri lqgxvwulhv1
Ehiruh vxppdul}lqj wkh exloglqj eorfnv dqg pdlq uhvxowv ri wkh prgho/ zh
eulh | frqvlghu rqh dgglwlrqdo lvvxh iurp wkh hpslulfdo olwhudwxuh uhodwlqj wkh
ehqh￿wv ri orfdwlqj sodqwv idu dzd| iurp lqgxvwuldo fhqwhuv1 Iru rxu sxusrvh/
wkuhh frqwulexwlrqv lqwhuhvw xv khuh=
41 H{sorlwlqj wkh lqirupdwlrq rq sodqw rzqhuvkls dw wkh frxqw| ohyho lq
wkh Fhqvxv ri Pdqxidfwxuhuv/ Gxpdlv hw do +<:, surylgh d sodqw o|ih0
f|foh ghfrpsrvlwlrq ri frqfhqwudwlrq sdwwhuqv1 Wkh| lghqwli| wkh h￿hfw
rq d phdvxuh ri frqfhqwudwlrq wkdw fdq eh dwwulexwhg vhsdudwho| wr
sodqw forvxuhv/ qhz sodqwv fuhdwhg e| qhz ￿upv/ qhz sodqwv fuhdwhg e|
h{lvwlqj ￿upv dqg sodqw h{sdqvlrqv1 Wkhuh duh wzr uhvxowv ri wkhlu vwxg|
wkdw zh zdqw wr vwuhvv= wkh ￿uvw rqh lv wkdw dyhudjh frqfhqwudwlrq kdv
uhpdlqhg uhodwlyho| vwdeoh lq wkh XV lq wkh shulrg 4<:50<51 Wkh vhfrqg
rqh lv wkhlu ￿qglqj +vhh vhfwlrq 8151 lq Gxpdlv hw do1 +<:,, wkdw wkh
h￿hfw ri orfdwlrq ghflvlrqv e| qhz sodqwv iurp qhz ￿upv +dqg wr d orzhu
h{whqw qhz sodqwv ri h{lvwlqj ￿upv, lv wr uhgxfh vsdwldo frqfhqwudwlrq1
5Dw wkh vdph wlph wkh h￿hfw ri ghorfdwlrq sdwwhuqv e| forvlqj sodqwv lv
wr lqfuhdvh frqfhqwudwlrq1 Gxpdlv hw do1 +sdjh 4:, vxppdul}h wkhvh
uhvxowv dv iroorzv= Qhz ￿upv duh pruh olnho| wr vwduw dzd| iurp fxuuhqw
jhrjudsklf fhqwhuv ri wkh lqgxvwu|/ dqg jurzwk lv idvwhu dzd| iurp wkrvh
fhqwhuv/ exw wkh ulvnv dsshdu wr eh kljkhu lq wkh shulskhu| dqg forvxuhv
duh dovr kljkhu wkhuh1
51 Jodhvhu hw do1 +<8, vwxg| hpsor|phqw jurzwk lq flw| lqgxvwulhv1 Dprqj
rwkhu ￿qglqjv wkh| uhsruw4 wkdw flwlhv zlwk d odujh frqfhqwudwlrq ri
hpsor|phqw lq rqh lqgxvwu| lq 4<93 vx￿huhg lq wkh dyhudjh orvv ri
hpsor|phqw lq wkdw lqgxvwu|1 Jodhvhu hw do1 dujxh wkdw d srwhqwldo
h{sodqdwlrq iru wkh ghfolqh ri wkh vshfldol}hg flw| lv wkdw h{lvwlqj fdslwdo
ylqwdjhv lq wkh flw| frpshwh zlwk ru dfw dv d eduulhu iru vxevhtxhqw
fdslwdo ylqwdjhv/ wkdw pljudwh wr qhz duhdv1
61 Dxguhwvfk dqg Ihogpdq +<9, vwxg| wkh vsdwldo frqfhqwudwlrq ri lqgxv0
wuldo lqqrydwlrq dv d ixqfwlrq ri d qxpehu ri yduldeohv lqfoxglqj wkh
frqfhqwudwlrq ri surgxfwlrq lq wkh lqgxvwu| dqg vwdjh ri wkh lqgxvwu|
olih0f|foh1 Wkh| ￿qg wkdw lqqrydwlyh dfwlylw| whqgv wr h{klelw d orzhu
surshqvlw| wr foxvwhu vsdwldoo| dv wkh jhrjudsklf frqfhqwudwlrq ri sur0
gxfwlrq ulvhv gxulqj wkh pdwxuh dqg ghfolqlqj vwdjhv ri wkh lqgxvwu|
o|ih0f|foh51
Wkh suhylrxv uhvxowv duh rewdlqhg zlwk gl￿huhqw gdwd edvhv dqg phwkrg0
rorjlhv/ exw wkh| qhyhuwkhohvv vkduh rqh frpprq lghd= zkdwhyhu wkh jdlqv
iurp djjorphudwlrq wkdw ohdg ￿upv wr foxvwhu lq wkh ￿uvw sodfh/ lw dsshduv wkdw
srvvleo| iru qhz sodqwv dqg iru sodqwv zkhuh lqqrydwlrq wdnhv sodfh/ wkhuh lv
d ehqh￿w lq kdylqj d glvwdqfh vhsdudwlqj wkhp dqg lqgxvwuldo fhqwhuv1 Wklv
ehqh￿w lv juhdwhu iru qhz sodqwv ri qhz ￿upv/ uhodwlyh wr qhz sodqwv ri h{0
lvwlqj ￿upv1 Wklv lv lq vslwh ri wkh dssduhqwo| kljkhu ulvn ri orfdwlqj lq wkh
shulskhu| ri wkh lqgxvwu|1
Lq vslwh ri wkh surjuhvv pdgh lq wkh hphujhqfh ri hpslulfdo idfwv/ wkh0
ru| kdv odjjhg ehklqg lq surgxflqj ixoo0eorzq prghov frpsdwleoh zlwk wkh
hpslulfdo hylghqfh1 Lq rxu ylhz/ d vdwlvidfwru| wkhru| ri djjorphudwlrq ri
4vhh wdeoh 7 lq wkhlu sdshu
5Dxguhwvfk dqg Ihopdq +<9,/ sdjh 59<1 Dxguhwvfk dqg Ihogpdq vxppdul}h wklv ￿qglqj
zlwk wkh skudvh qhz lghdv qhhg qhz vsdfh/ wkdw zh kdyh eruurzhg dv wkh wlwoh ri wklv sdshu1
6dfwlylw| vkrxog h{sodlq vlpxowdqhrxvo| ￿upv* vl}h dqg orfdwlrq ghflvlrqv/ dqg
nqrzohgjh vslooryhuv dfurvv ￿upv1 Wkhru| vkrxog h{sodlq lq sduwlfxodu zk|
nqrzohgjh h{whuqdolwlhv fdqqrw eh dyrlghg ru lqwhuqdol}hg e| odujh ￿upv +dv
vxjjhvwhg e| wkh dujxphqw ehklqg wkh vr fdoohg PDU h{whuqdolwlhv,1 Pruh0
ryhu/ vlqfh wkhuh lv hylghqfh wkdw vsdwldo frqfhqwudwlrq lv uhodwlyho| vwdeoh dqg
wkdw qhz sodqwv ehqh￿w uhodwlyho| pruh iurp glvwdqfh wr lqgxvwuldo fhqwhuv
wkdq h{lvwlqj sodqwv/ d vdwlvidfwru| wkhru| vkrxog vshoo rxw wkh frvwv dv zhoo
dv wkh ehqh￿wv ri djjorphudwlrq1
Lq wklv sdshu zh dwwhpsw wr pdnh d ￿uvw vwhs lq wklv gluhfwlrq1 Rxu
vwduwlqj srlqw lv wr frqvlghu d uhjlph ri zhdn lqwhoohfwxdo surshuw| uljkwv
+khqfhiruwk/ ZLSU,1 Kdylqj d ZLSU uhjlphv kdv d odujh qxpehu ri lpsolfd0
wlrqv1 Iluvw ri doo/ lq dq| yhqwxuh zkhuh lqwhoohfwxdo surshuw| uljkwv pdwwhu/
wkhuh lv d frvw ri lqyroylqj pruh djhqwv lq wkh yhqwxuh= dv djhqwv duh jlyhq
dffhvv dqg ehfrph lqiruphg derxw wkh lqwhuqdo ghyhorsphqwv/ d srwhqwldo iru
frvwo| ohdndjh dqg frooxvlyh wudgh zlwk rxwvlghuv dulvhv1 Wklv sulqflsoh |lhogv
d wkhru| ri ￿up*v erxqgdulhv1 Vhfrqg/ vlqfh lq jhqhudo surgxfwlrq fdqqrw eh
rujdql}hg vr dv wr frpsohwho| dyrlg frooxvlrq/ hqgrjhqrxv vslooryhuv rffxu lq
htxloleulxp1 Wklug/ d ZLSU uhjlph lpsolhv wkdw sodqw orfdwlrq pdwwhuv li
sk|vlfdo glvwdqfh lqfuhdvhv frppxqlfdwlrqv frvwv +dv dujxhg iru lqvwdqfh e|
Dxguhwvfk dqg Vwhskdq +<9e,,/ wkhuhiruh glplqlvklqj lqfxpehqwv* delolw| wr
frooxgh zlwk phpehuv ri qhz sodqwv1
Lq dgglwlrq/ zh vkrz wkdw lqwhjudwlrq +rzqhuvkls ri wkh uhohydqw sk|v0
lfdo dvvhw, ru frqwuro uljkwv ryhu dvvhwv kdv d ehqh￿w iru wkh hqwuhsuhqhxu
ehfdxvh lw doorzv khu wr xqlodwhudoo| ghwhuplqh doo wkh uhohydqw fkdudfwhulvwlfv
ri wkh dvvhw1 Lqvwhdg/ xqghu vkduhg rzqhuvkls +dqg wkhuhiruh sduwldo frq0
wuro, vrph fkdudfwhulvwlfv ri wkh dvvhw duh ghwhuplqhg ru fr0ghwhuplqhg +dqg
wkhuhiruh nqrzq, e| qrq0phpehuv= fr0rzqhuv wkdw duh qrw lqyroyhg lq sur0
gxfwlrq1 Wklv idflolwdwhv frooxvlrq ehwzhhq qrq0phpehuv dqg phpehuv/ zkdw
kxuwv wkh hqwuhsuhqhxu1 Wklv lv vr hyhq li ghfhqwudol}dwlrq lv shuihfw dqg frq0
wudfwv dvvxuh wkh rzqhu*v frpplwphqw qrw wr dffhvv wkh idflolw|1 Wr uhshdw/
wkhuh duh wzr w|shv ri lqirupdwlrq wkh hqwuhsuhqhxu fduhv wr nhhs vhfuhw iurp
qrq0phpehuv= wkh lqqrydwlrq0uhodwhg nqrzohgjh surgxfhg e| wkh whdp dqg
fkdudfwhulvwlfv uhodwhg wr surgxfwlrq/ olnh wkh orfdwlrq ri sk|vlfdo dvvhwv xvhg
dqg wkh lghqwlw| ri phpehuv1 Wkh ￿uvw w|sh ri vhfuhw rewdlqv wkurxjk sulydwh
surshuw| dqg ghfhqwudol}dwlrq frqwudfwv/ wkdw zduudqw wkh lqdelolw| ri qrq0
phpehuv wr dffhvv wkh hqwuhsuhqhxuv* idflolw| dqg wr gluhfwo| ohduq derxw wkh
lqqrydwlrq1 Wkh vhfrqg w|sh ri vhfuhw +rq orfdwlrq, uhtxluhv wkh devhqfh ri
frqwdfw ru uhodwlrqvkls zlwk qrq0phpehuv1 Lw uhtxluhv wkdw wkh hqwuhsuhqhxu
7fuhdwhv ru ex|v wkh qhz idflolw|/ dv rssrvhg wr vkdulqj wkh idflolw| zlwk dq
h{lvwlqj ￿up1
Hqylurqphqwv vxemhfw wr zhdn lqwhoohfwxdo surshuw| uljkwv surwhfwlrq kdyh
uhfhlyhg lqfuhdvhg lqwhuhvw lq wkh odvw |hduv +vhh Urguljxh}0Sdohq}xhod <<d 6
iru uhihuhqfhv wr wkh olwhudwxuh dqg wr fdvh vwxglhv,1 Hpsor|hh wxuqryhu dfurvv
￿upv lv wkh frqyhqwlrqdo fkdqqho xvhg lq wkh olwhudwxuh wr prwlydwh gl￿xvlrq
ri nqrzohgjh dfurvv ￿upv1 \hw wkhuh lv dovr hylghqfh wkdw frppxqlfdwlrq eh0
wzhhq hpsor|hhv dqg ehwzhhq hpsor|hhv dqg folhqwv lv dq lpsruwdqw vrxufh
ri lqirupdwlrq ohdndjh lq ￿upv +iru fdvh0vwxg| hylghqfh lq wklv uhvshfw vhh
yrq0Klssho +;;, dqg Slruh +<:,,1 Wkh hylghqfh iurp olwljdwlrq fdvhv lq wklv uh0
vshfw lv wkdw lw lv gl!fxow/ iru sodlqwl￿v vxlqj hpsor|hhv wkdw doohjhgo| hqmr|hg
uhqwv iurp frppxqlfdwlrq zlwk rxwvlghuv/ wr zlq odzvxlwv iru plvdssursul0
dwlrq1 Lq sduwlfxodu/ wkh frxuw whqgv wr surwhfw hpsor|hhv zkhq wkh| kdyh
dq lqwhuhvw lq/ ru duh wkh pdlq vrxufh ri/ lqqrydwlrq uhodwhg nqrzohgjh71I r u
ohjdo sudfwlwlrqhuv* ylhz rq wkh frxuw*v delolw| wr dyrlg lqirupdwlrq ohdndjh
iurp ￿upv vhh iru lqvwdqfh Gruu dqg Pxqfk +<8, dqg Ohh dqg Gdylgvrq +<6,1
Dq dgglwlrqdo slhfh ri hylghqfh uhodwlqj ohdndjh dqg orvv ri prqrsro|
uhqwv iurp xqlqwhqghg gl￿xvlrq ri lqqrydwlrq zlwkrxw hpsor|hh wxuqryhu lv
surylghg e| Wkh Hfrqrplvw lq wkh frqwh{w ri Lwdoldq lqgxvwuldo foxvwhuv81 Wkh
Hfrqrplvw uhsruwv wkdw ￿upv lqyroyhg lq lqgxvwuldo ghvljq wkdw frqwuro wkh
pdqxidfwxulqj surfhvv +iru lqvwdqfh/ sdvwd dqg vshfwdfohv surgxfhuv rzq id0
flolwlhv wr pdnh wkh pdfklqhv wkdw pdqxidfwxuh ￿qdo jrrgv, kdyh d juhdwhu
delolw| wr dyrlg wkh hphujhqfh ri frpshwlwruv +sduwlfxoduo| iurp Vrxwk0Hdvw
Dvld,1 Wkhvh ￿upv uhwdlq pdunhw srzhu ehfdxvh wkh| frqwuro pdfklqh sur0
gxfwlrq dqg wkh| frqwuro wkh uljkw wr vhoo pdfklqhv wr wklug sduwlhv1 Rq wkh
rwkhu kdqg/ ￿upv wkdw ex| wkh pdfklqhv iurp rwkhu frpsdqlhv +dqg wkdw
wkhuhiruh frqwuro wkh vdoh ri pdfklqhv wr d orzhu h{whqw, idfh d pruh udslg
hurvlrq ri pdunhw srzhu/ gxh wr pruh udslg lplwdwlrq1 Wklv vhfrqg fdvh
dssolhv wr jrog mhzhou| dqg wlohv surgxfhuv1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lv wkh prgho1 Vhf0
6Rxu prgho h{whqgv Urguljxh}0Sdohq}xhod +<<d, lq vhyhudo uhvshfwv1 Zh lqwurgxfh khuh
orfdwlrq ghflvlrqv dqg wkh ghflvlrq wr rzq ru vkduh d sk|vlfdo dvvhw e| wkh lqqrydwlqj
hqwuhsuhqhxu1 Zh jhqhudol}h suhylrxv uhvhdufk e| hqgrjhql}lqj wkh suhvhqfh ri duelwudulo|
pdq| srwhqwldo hqwudqwv dqg zh frqvlghu jhqhudo lqfhqwlyh vfkhphv zlwk d qr0exuqw prqh|
frqglwlrq1
7Vhh iru lqvwdqfh Vwuxfwxudo G|qdplfv Uhvhdufk Frusrudwlrq yv Hqjlqhhulqj Phfkdqlfv
Uhvhdufk Frusrudwlrq txrwhg lq Fkrdwh hw do1 +;:,1
8Vhh Wkh Hfrqrplvw/ Mdqxdu| 5qg 4<<</ sdjhv 8:08;1
8wlrq 6 ghvfulehv wkh wudgh0r￿ ehwzhhq vdylqj ￿{hg frvwv +frooderudwlrq, dqg
rzqhuvkls +hqwu|,1 Lq vhfwlrq 7 wkh edvlf prgho lv frqvlghuhg lq d pruh jhq0
hudo vhwwlqj zkhuh frooderudwlrq lv lqwhusuhwhg dv wkh lqwurgxfwlrq ri vshfldolvw
pdqdjhphqw lq wkh ￿up1 Zh ￿qg wkdw hyhq li whfkqrorjlhv duh qrw frqyh{/
wkhuh duh lqfuhdvlqj uhwxuqv wr wkh vshfldolvw pdqdjhphqw vnloo1 Vhfwlrq 8
forvhv zlwk d glvfxvvlrq1
5 Prgho
Wkhuh lv lqlwldoo| rqh hqwuhsuhqhxu ￿ ’￿ / zlwk dq lqqrydwlrq surmhfw1 H{0
hfxwlqj wkh surmhfw uhtxluhv vhtxhqwldo vwdjhv ri uhvhdufk dqg ghyhorsphqw1
Uhvhdufk
Frqgxfwlqj uhvhdufk uhtxluhv wkdw wkh hqwuhsuhqhxu fkrrvhv d orfdwlrqv
,J lq wkh vhw Q ’ ifc￿c2c￿￿j￿Uhvhdufk dovr uhtxluhv wkh dffhvv wr d sk|vlfdo
dvvhw dqg wkh irupdwlrq ri d uhvhdufkhuv* whdp dw orfdwlrq ,J1 ￿ lv wkh qxpehu
ri phpehuv +lqfoxglqj wkh hqwuhsuhqhxu, lq wkh whdp/ ghqrwhg e| wkh vhw
i￿j
￿
%’￿ ￿ Lqfuhdvlqj wkh vl}h ri wkh whdp ￿ uhgxfhv uhvhdufk frvwv ￿ E￿￿
+￿￿ ￿ f,/ exw kdv d pdujlqdo frvw ri ￿￿
Wkh rxwfrph ri wkh uhvhdufk vwdjh lv nqrzohgjh= dq lghd ru d surwrw|sh
wkdw pxvw eh ghyhorshg lq rughu wr ehfrph d pdunhwdeoh surgxfw1 Wkh lghd
lv nqrzq qhfhvvdulo| e| doo phpehuv ri wkh whdp￿
Ghyhorsphqw dqg ilqdo pdunhw
Zh dvvxph iru vlpsolflw| wkdw ghyhorsphqw lv d frvwohvv surfhvv1 Dq| ￿up
wkdw kdv kdg dffhvv wr wkh nqrzohgjh surgxfhg dw wkh uhvhdufk vwdjh lv deoh
wr ghyhors wkh surgxfw dqg hqwhu wkh pdunhw1 Wkh sd|r￿v dw wkh ￿qdo pdunhw
duh ZJ E?￿ iru wkh lqlwldo ￿up vwduwhg e| wkh hqwuhsuhqhxu ￿ ’￿dqg ZS E?￿ iru
doo rwkhu ￿upv/ zkhuh ? lv wkh wrwdo qxpehu ri frpshwlwruv wr wkh lqlwldo ￿up1
Zh dvvxph ZJ E?￿ ￿ ZS E?￿ dqg Z￿
J ￿ fcZ ￿
S￿f = frpshwlwlrq uhgxfhv sur￿wv￿
Pruhryhu/ zh dvvxph wkdw wrwdo lqgxvwu| sur￿wv ghfuhdvh zlwk wkh qxpehu ri
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9Frooxvlrq
D phpehu % ri wkh lqlwldo whdp +orfdwhg dw ,J,/ wudqvplwwlqj wkh nqrzo0
hgjh surgxfhg dw wkh uhvhdufk whdp wr d qrq0phpehu9 + orfdwhg dw ,+/ lpsolhv
dq h{shfwhg orvv ri |E_￿/ zlwk |￿ : f dqg zkhuh _ lv wkh glvwdqfh ehwzhhq ,%
dqg ,+1 Zh dvvxph _ ’￿li ,% 9’ ,+ dqg _ ’ f rwkhuzlvh:1 Lq dgglwlrq/ iru dq
hvwdeolvkhg ￿up wr pdnh dq r￿hu wr wkh phpehuv/ wkh hvwdeolvkhg ￿up qhhgv
wr nqrz wkh orfdwlrq ,J￿ Zh dvvxph wkdw h{fhsw iru wkh suhylrxv dvvxpswlrqv/
wkhuh duh qr uhvwulfwlrqv wr frooxvlyh djuhhphqwv1 Dw wkh frooxvlyh vwdjh dq|
djhqw 5 wkdw nqrzv ,J fdq pdnh dq r￿hu wr dq duelwudu| vhw ri djhqwv F/ vshf0
li|lqj wudqvihuv ehwzhhq 5 dqg S 5Fdqg frppxqlfdwlrq ehwzhhq phpehuv
ri F1
Lqirupdwlrq
Wkhuh lv d odujh exw ￿qlwh qxpehu ri hvwdeolvkhg ￿upv +lqgh{hg e| +, hdfk
ri wkhp orfdwhg dw ,+ 5 Q￿ Hvwdeolvkhg ￿up + kdv suhylrxvo| vxqn wkh frvw 8
r iw k hd v v h wo r f d w h gl q, +￿Wkh dvvhw lv qhfhvvdu| iru wkh uhvhdufk vwdjh dqg
fdq eh frvwohvvo| xvhg e| wkh hqwuhsuhqhxu￿
Zh dvvxph wkdw doo yduldeohv lq wkh prgho duh frpprq nqrzohgjh h{0
fhsw wkh hqwuhsuhqhxu*v orfdwlrq/ ,J￿ Li wkh hqwuhsuhqhxu kdv qr olqnv zlwk dq
hvwdeolvkhg ￿up;/ wkh odwwhu grhv qrw ohduq ,Jc xqohvv ,J ’ ,+ ru xqohvv ,J lv
uhyhdohg wr ￿up +1 Li wkh hqwuhsuhqhxu xvhv wkh dvvhw ri ￿up + wkhq dw ohdvw
rqh djhqw lq + ohduqv ,J￿
Dowkrxjk zh dvvxph shuihfw ghfhqwudol}dwlrq +lw lv frqwudfwxdoo| srvvleoh
wr dyrlg + kdylqj dffhvv wr wkh hqwuhsuhqhxu*v whdp dqg gluhfwo| ohduqlqj
derxw wkh surmhfw,/ zh wdnh wkh ylhz wkdw vkdulqj dvvhwv lpsolhv wkdw wkh
hqwuhsuhqhxu glvforvhv vrph lqirupdwlrq gl￿huhqw wr wkh nqrzohgjh surgxfhg
lq wkh uhvhdufk vwdjh1 Zh irfxv rq wkh ￿up*v orfdwlrq ,J dv wkh uhohydqw slhfh
ri lqirupdwlrq uhyhdohg wr dq hvwdeolvkhg ￿up xsrq frooderudwlrq1 Orfdwlrq
fdq eh lqwhusuhwhg pruh jhqhudoo| dv d vsdwldo phwdskru ri fhuwdlq dwwulexwhv
ri wkh hqwuhsuhqhxu*v surmhfw wkdw/ rqfh uhyhdohg wr dq h{lvwlqj ￿up/ idflolwdwh
frooxvlyh wudgh ehwzhhq phpehuv dqg wkh hvwdeolvkhg ￿up1
9Doorzlqj wkh hqwuhsuhqhxu wr ohjdoo| vhoo lqirupdwlrq wr rwkhu ￿upv zrxog qrw dowhu
wkh prgho dv orqj dv wkhuh lv d frvw w ri wudqvplwwlqj wkh nqrzohgjh1 Li ohjdo wudqvplvvlrq
ri nqrzohgjh frvwv ohvv wkdq w wkhq frqwudfwxdo vdohv zrxog rffxu/ dw d sulfh ghwhuplqhg
e| wkh frooxvlyh sulfh1 Wkh uhvxowv zrxog eh doprvw lghqwlfdo wr rxu uhvxowv1
:E| dvvxplqj w3 A 3 zh duh vd|lqj wkdw frooxvlyh frppxqlfdwlrq frvwv lqfuhdvh zlwk
glvwdqfh1
;Zh dvvxph rq wkh rwkhu kdqg wkdw doo phpehuv dqg vwdnh0kroghuv lq wkh hqwuhsuhqhxu*v
￿up nqrz or=
:Wlplqj
Wkh h{dfw wlplqj ri ghflvlrqv lv dv iroorzv=
| ’ ￿GHqwuhsuhqhxu ￿ ’￿irupv whdp i￿jc fkrrvhv orfdwlrq ,Jc dqg
dq lqfhqwlyh vfkhgxoh iK5j
￿n-
5’￿ zkhuh - lv wkh qxpehu ri qrq0phpehuv wkdw
krog vwdnh lq wkh ￿up dqg K5 lv wkh sursruwlrq< ri htxlw| khog e| lqglylgxdo
5c wkdw lv srvvleo| d qrq0phpehu￿ Uhvhdufk wdnhv sodfh1
| ’ 2GDjhqwv pdnh frooxvlyh djuhhphqwv1 Ghyhorsphqw wdnhv sodfh1
| ’￿GWkh ￿qdo pdunhw phhwv1
Ilqdoo|/ zh dvvxph wkdw djhqwv idfh qr oltxlglw| frqvwudlqwv/ vr wkdw doo
frooxvlrq uhqwv wr eh uhdol}hg fdq eh fdswxuhg e| wkh hqwuhsuhqhxu dv ri | ’￿ ￿
Dw wklv lqlwldo vwdjh wkh remhfwlyh ri wkh hqwuhsuhqhxu lv wr pd{lpl}h wkh mrlqw
vxusoxv ri wkh whdp i￿j1
6 Vfdoh yv Frooxvlrq
Lq wklv frqwh{w wkh h!flhqw doorfdwlrq iru wkh hqwuhsuhqhxu*v whdp zkhq frp0
pxqlfdwlrq ehwzhhq phpehuv dqg rxwvlghuv +?, fdq eh dyrlghg frqwudfwxdoo|
lv jlyhq e|=
Uhvxow 4= Dw wkh ￿uvw ehvw iru wkh hqwuhsuhqhxu/ wkh hqwuhsuhqhxu xvhv wkh
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Orfdwlrq dqg lqfhqwlyh vfkhphv duh qrw gh￿qhg lq wkh ￿uvw ehvw1 Vxusoxv
‘ W dw wkh ￿uvw ehvw lv= ‘ W ’ ZJ Ef￿ ￿ ￿ E￿W￿ ￿ ￿￿W1
Zh qrz frqvlghu wkh fdvh zkhuh lqwhoohfwxdo surshuw| uljkwv duh zhdno|
surwhfwhg1 Wkhuh duh wzr fdvhv wr eh h{soruhg= rzqhuvkls/ zkhuh wkh hqwuh0
suhqhxu lqwurgxfhv dqg rzqv d qhz dvvhw dqg fkrrvhv xqlodwhudoo| d orfdwlrq
,J/d q gfrooderudwlrq/ zkhuh wkh hqwuhsuhqhxu djuhhv zlwk d hvwdeolvkhg ￿up
+ wr xvh dq h{lvwlqj dvvhw suhylrxvo| lqwurgxfhg e| + dw d jlyhq orfdwlrq ,+1
Rxu pdlq uhvxow lv wkdw wkh hqwuhsuhqhxu idfhv d wudgh0r￿ zkhq frooderudwlqj
zlwk dq hvwdeolvkhg ￿up= wkh frvw ri lqwurgxflqj wkh dvvhw lv vdyhg/ exw wkh
<Lq wkh Dsshqgl{ zh vkrz wkdw vxfk olqhdu vfkhph lv rswlpdo1
;hvwdeolvkhg ￿up + ehfrphv lqiruphg derxw wkh hqwuhsuhqhxu*v orfxv ri df0
wlylwlhv ,J1 Wkh hvwdeolvkhg ￿up nqrzlqj ,J udlvhv wkh srvvlelolw| ri frooxvlrq
ehwzhhq + dqg wkh phpehuv ri wkh ￿up1 E| rzqhuvkls/ wkh hqwuhsuhqhxu
frpsurplvhv hfrqrplhv ri vfdoh lq rughu wr uhgxfh frooxvlrq dqg ohdndjh1
Wr vhh wklv wudgh0r￿ suhflvho| zh ghulyh wkh htxloleulxp xqghu rzqhuvkls
dqg frooderudwlrq uhvshfwlyho|1
614 Rzqhuvkls= ixoo frqwuro ryhu orfdwlrq
Xqghu rzqhuvkls wkh hqwuhsuhqhxu fkrrvhv wkh orfdwlrq ,J ri wkh qhz dvvhw
wkdw vkh lqwurgxfhv1 Wkh hqwuhsuhqhxu fkrrvhv dw udqgrp rqh orfdwlrq lq wkh
+lq￿qlwh, vhw ri hpsw| orfdwlrqv/ jlylqj htxdo suredelolw| wr hdfk orfdwlrq1
Wklv lpsolhv wkdw dv ri | ’ 2 wkh hvwdeolvkhg ￿upv gr qrw nqrz wkh orfxv ri
wkh qhz ￿up dqg wkhuhiruh wkh iruphu fdqqrw pdnh r￿huv wr wkh phpehuv1
Exw wklv grhv qrw suhfoxgh phpehuv wr lqglylgxdoo| pdnh r￿huv wr hvwdeolvkhg
￿upv1
Lq htxloleulxp xqghu rzqhuvkls/ wkh rswlpdo lqfhqwlyh vfkhph lv olqhdu
dqg vdwlv￿hv wkh iroorzlqj wzr0zdjh surshuw|=
Sursrvlwlrq 4 Jlyhq wkh vl}h ri wkh whdp ￿c wkh rswlpdo lqfhqwlyh vfkhph
iK5j
￿n-
5’￿ c vdwlv￿hv d wzr zdjh surshuw|43=
K5 ’
￿
￿3?E￿￿ G iru 5 5 i?E￿￿n￿ c￿￿c￿j
K5 ’ fG iru 5* 5i ? E ￿ ￿n￿ c￿￿c￿j
dqg wkh qxpehu ri hqwudqwv ?E￿￿ lv jlyhq e|44=
?E￿￿’i 4￿?? 5i f c￿￿￿c￿jGxE ?c￿￿ ￿ fj
zkhuh=
xE?c￿￿ ￿ ZS E? n￿ ￿￿|E￿￿ n
{ZJ E? n￿ ￿
￿￿?
dqg {ZJ E?￿ ￿ ZJ E?￿ ￿ ZJ E? ￿ ￿￿￿
Surri= Lq wkh Dsshqgl{1
43Uhfdoo wkdw u @4 >==>Uduh qrq0phpehuv wkdw krog ￿upv* htxlw|1 Wkh rswlpdo vfkhph
jlyhv qr vwdnh wr qrq0phpehuv1
44q+Q, dozd|v h{lvwv vlqfh ￿+3>Q,A3dqg ￿q ? 3=
<Wkh lqwhusuhwdwlrq ri wklv uhvxow lv dv iroorzv= xqghu wkh rswlpdo vfkhph d
qxpehu ￿ ￿?E￿￿ ri hpsor|hhv vsolw wkh ￿up*v htxlw| +wkh rwkhu ?E￿￿ hp0
sor|hhv krog }hur htxlw| dqg wkhuhiruh frppxqlfdwh zlwk dq h{lvwlqj ￿up,1 Lw
lv qhyhu rswlpdo wr jlyh htxlw| wr qrq0phpehuv +lq sduwlfxodu lw lv qrw rswlpdo
wr pdnh d wklug sduw| uhvlgxdo fodlpdqw li ? lv srvlwlyh,1 Erwk uhvxowv +wkh
olqhdulw| ri wkh vfkhph dqg wkh devhqfh ri wklug sduwlhv, iroorz iurp djhqwv
delolw| wr pdnh r￿huv wr rwkhu djhqwv iru vlgh wudqvihuv dqg frppxqlfdwlrq
zlwk qhz hqwudqwv1 Lq sduwlfxodu/ qrq0olqhdulwlhv duh qrw rswlpdo ehfdxvh wkh|
jlyh ulvh wr duelwudjh rssruwxqlwlhv lq frooxvlyh pdunhwv1
Wkh whup xE?c￿￿ lv wkh qhw jdlq iurp wudgh iru d phpehu zkhq h{dfwo| ?
phpehuv duh wudglqj= wkh ehqh￿w ri frppxqlfdwlrq lv wkh whup ZS E? n￿ ￿dqg
wkh wrwdo frvw ri frppxqlfdwlrq lv wkh gluhfw frvw |E￿￿ soxv wkh rssruwxqlw|
frvw ri uhgxflqj wkh ydoxh ri klv vkduhv=
rssruwxqlw| frvw ’ KEZJ E?￿ ￿ ZJ E? n ￿￿￿
Wkh uhvxow vwdwhv wkdw lq dq htxloleulxp zkhuh ?E￿￿ phpehuv frppxql0
fdwh zlwk rxwvlghuv/ dq htxlw|0hqgrzhg phpehu +wkdw krogv d iudfwlrq ￿
￿3?
ri vkduhv, kdv qr jdlqv ri wudgh +htxlydohqwo|/ xE?c￿￿ ￿ f, zkhq pdnlqj
r￿huv wr dq hvwdeolvkhg ￿up1 ?E￿￿ lv wkh vpdoohvw qxpehu45 ri wudghv wkdw
fdq eh vxvwdlqhg zkhq wkhuh duh ￿ phpehuv lq wkh ￿up xqghu wkh rswlpdo
vfkhph/ wkdw lv wkh 50zdjh vfkhph ri sursrvlwlrq 41
Xqghu hqwu|/ wkh hqwuhsuhqhxu vroyhv=
4@ 
t￿c,J￿
i?E￿￿ZS E?E￿￿￿ n ZJ E?E￿￿￿ ￿ ￿ E￿￿ ￿ ￿￿ ￿8j +4,
Wkh hqwuhsuhqhxu wkdw hqwhuv dv d qhz ￿up/ e| lqfuhdvlqj ￿ 46c idfhv d
wudgh0r￿ ehwzhhq h!flhqw uhvhdufk +vpdoohu ￿, dqg pruh gloxwlrq dqg frp0
shwlwlrq +kljkhu ?,1 Lw lv fohdu wkdw xqghu hqwu| wkh hqwuhsuhqhxu fkrrvhv dq
hpsw| orfdwlrq ,J vr dv wr dyrlg lqfxpehqwv ohduqlqj ,J￿
45Wkh lqwxlwlrq lv vlpsoh= vsolwlqj htxlw| dprqj doo phpehuv jhqhudoo| zrxog qrw dyrlg
ohdndjh1 Rqfh d phpehu frooxghv lw lv rswlpdo wr jlyh klp }hur htxlw| dqg vdyh wkrvh
vkduhv wr lqfuhdvh wkh qxpehu ri qrq0frooxglqj phpehuv1
46Wkh hqwuhsuhqhxu fkrrvhv Q vpdoohu wkdq lq wkh ￿uvw ehvw Q￿/ exw wklv uhvxow iroorzv
iurp wkh dgglwlyh frvw vshfl￿fdwlrq dqg lv jhqhudol}hg lq iroorzlqj vhfwlrqv1
43615 Frooderudwlrq= orvv ri frqwuro ryhu orfdwlrq
Frooderudwlrq hvwdeolvkhv d olqn ehwzhhq wkh hqwuhsuhqhxu dqg rqh h{lvwlqj
￿up471 Lw lpsolhv lq sduwlfxodu wkdw orfdwlrq ,J lv jlyhq wr wkh hqwuhsuhqhxu/
vlqfh wkh dvvhw kdv ehhq suhylrxvo| orfdwhg dw ,J e| wkh hvwdeolvkhg ￿up￿
Wklv lv vr hyhq li ghfhqwudol}dwlrq lv shuihfw dqg phpehuv ri wkh hvwdeolvkhg
￿up fdqqrw dffhvv wkh hqwuhsuhqhxu*v whdp/ ru gluhfwo| ohduq derxw wkh qhz
nqrzohgjh surgxfhg1 Exw frooderudwlrq jlyhv wkh hvwdeolvkhg ￿up vx!flhqw
lqirupdwlrq +l1h1/ wkh orfdwlrq, derxw wkh qhz ￿up wr ehfrph d srwhqwldo
frpshwlwru/ wkurxjk wkh wkuhdw ri frooxvlyh wudgh zlwk phpehuv1 Wkh srvvl0
elolw| ri frooxvlyh wudgh irufhv wkh hqwuhsuhqhxu wr pdnh wkh hvwdeolvkhg ￿up
dq dgglwlrqdo htxlw|0kroghu ri wkh hqwuhsuhqhxu*v ￿up/ ru rwkhuzlvh ohw klp
hqwhu dv d frpshwlwru1 Wklv pdnhv wkh sureohp ri lqfhqwlyh gloxwlrq pruh
vhyhuh= lw lpsolhv lq sduwlfxodu wkdw wkh hqwuhsuhqhxu idfhv pruh frpshwlwlrq
iru dq| jlyhq whdp vl}h ￿￿
Lq dgglwlrq/ wkh frooderudwru pdnhv r￿huv srvvleo| wr doo phpehuv ri wkh
￿up/ wkdw frpshwh dprqj wkhp1 Phpehuv vx￿hu d qhjdwlyh h{whuqdolw| iurp
rwkhu phpehuv dffhswlqj r￿huv1 Lq htxloleulxp phpehuv dffhsw r￿huv wkdw
frpshqvdwh wkhp rqo| iru wkh gluhfw frppxqlfdwlrq frvw | 48c dqg qrw iru
wkh rssruwxqlw| frvw KE{ZE? n￿ ￿ ￿lq wkh hqwu| fdvh= xqghu frooderudwlrq
+dqg phpehuv* frpshwlwlrq, wkh dowhuqdwlyh ri qrw dffhswlqj wkh r￿hu ^ ’ |
e| wkh frooderudwru lv kdylqj rwkhu phpehu dffhsw vxfk r￿hu1 Wkh uhohydqw
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zkhuh KR lv wkh iudfwlrq ri htxlw| khog e| wkh frooderudwru1 Wkh uhohydqw qhw
vxusoxv iurp wudgh ehwzhhq phpehuv dqg rwkhu hvwdeolvkhg ￿upv lv=
x
% E?cK %￿’Z SE ?n￿ ￿￿|E￿￿ n K%{ZJ E? n￿ ￿
Wkh uhohydqw surjudp lv=
47Zh dvvxph wkdw frooderudwlrq ehwzhhq wkh hqwuhsuhqhxu dqg rqh hvwdeolvkhg ￿up grhv
qrw uhyhdo wkh orfdwlrq ri wkh lqvwdoohg idflolw| wr rwkhu ￿upv1 Zh dvvxph wklv pdlqo| iru
uhdolvp/ exw lw grhv qrw sod| dq lpsruwdqw uroh lq wkh dqdo|vlv1
48Wkh glvwdqfh ehwzhhq wkh rzqhu dqg wkh phpehuv lv }hur vlqfh wkh| duh lq wkh vdph
orfdwlrq1 Wkh glvwdqfh ehwzhhq phpehuv dqg rwkhu lqfxpehqwv lv 4 vlqfh wkh hqwuhsuhqhxu
suhihuv wr fkrrvh dq lqfxpehqw | wkdw lv dorqh lq o|= Wkh uhvxow qhyhuwkhohvv grhv qrw klqjh
rq wklv vshfl￿f ghwdlov1
44Sursrvlwlrq 5 Xqghu frooderudwlrq/ wkh hqwuhsuhqhxu vroyhv=
4@ 
￿
ih ?E￿￿ZS Eh ?E￿￿￿ n ZJ Eh ?E￿￿￿ ￿ ￿ E￿￿ ￿ ￿￿j +5,
zkhuh=
?E￿￿ ￿?E ￿n￿ ￿’h ?E ￿￿’4 ￿ ?i ?Gx
%E ? cK %c_’￿ ￿￿f j
Surri= Lq wkh Dsshqgl{1
Frpsdulqj sursrvlwlrqv 4 dqg 5/ lw lv fohdu wkdw xqghu frooderudwlrq wkh
hqwuhsuhqhxu idfhv pruh frpshwlwlrq iru dq| jlyhq whdp vl}h ￿c zkdw uhgxfhv
sur￿wv￿ Wklv lv vlqfh _?
_￿ : f +vhh wkh Dsshqgl{,1 Wkh reylrxv ehqh￿w ri
frooderudwlrq lv wkdw wkh ￿{hg frvw 8 lv vdyhg1
E| lqvshfwlrq ri erwk surjudpv/ idfwruv wkdw idyru hqwu| ryhu frooderud0
wlrq duh d vpdoo ￿{hg frvw 8 dqg vriw frpshwlwlrq=
Uhvxow 7=
714, Li ￿upv sur￿wv ghfuhdvh idvw hqrxjk zlwk wkh qxpehu ri ￿upv + ZJ dqg
ZS duh vx!flhqwo| frqfdyh, wkhq frooderudwlrq lv vxshulru wr hqwu|1
715, Xqghu erwk hqwu| dqg frooderudwlrq/ li frppxqlfdwlrq frvwv |E_￿ ghshqg
srvlwlyho| rq wkh glvwdqfh/ gh￿qhg dv _ ’ m,J ￿ ,+mc ehwzhhq wkh hqwuhsuhqhxu*v
￿up dqg h{lvwlqj ￿upv/ wkh hqwuhsuhqhxu fkrrvhv ,J vr dv wr pd{lpl}h vxfk
glvwdqfh=
,J ’ 4@ 
,c,+
m,￿,+m
D surri lv qrw uhtxluhg1
Erwk vwdwhphqwv lq Uhvxow 7 duh lqwxlwlyh= li frpshwlwlrq lv wrxjk dqg
sur￿wv ghfuhdvh udslgo| zlwk wkh qxpehu ri ￿upv lq wkh pdunhw/ wkh frooxvlrq
vwdnh lv vpdoohu dqg wkh hqwu| frqvwudlqw ohvv vhyhuh1 Wklv pdnhv frooderudwlrq
ohvv kdupixo uhodwlyho| wr hqwu|1
7 Vshfldol}dwlrq yv Frooxvlrq
Wkh suhylrxv vhfwlrq looxvwudwhv zhoo rqh ehqh￿w ri lqwhjudwlrq +ru rzqhu0
vkls,= wkh devhqfh ri frqwdfw zlwk hvwdeolvkhg ￿upv idflolwdwhv wkh uhwhqwlrq
ri nqrzohgjh lq wkh hqwuhsuhqhxu*v ￿up1 Lqwhjudwlrq fuhdwhv dq lqirupdwlrqdo
yrlg ehwzhhq phpehuv dqg qrq0phpehuv/ wkdw sod|v wkh uroh ri dq dgglwlrqdo
iulfwlrq lq wkh frooxvlyh wudgh iru nqrzohgjh1 \hw wkh frvw ri lqwhjudwlrq +wkh
45gxsolfdwlrq ri wkh ￿{hg frvw 8, lv idu iurp ehlqj d urexvw uhvxow1 Lq sduwlfxodu/
lw fdq eh dujxhg wkdw d ehqh￿w ri frooderudwlrq lv wr dowhu wkh vwudwhjlf lq0
whudfwlrq ehwzhhq wkh lqlwldo ￿up dqg hqwudqwv= frooderudwlrq srvvleo| pdnhv
wkh lqlwldo whdp pruh urexvw wr frpshwlwlrq dqg pruh h!flhqw dw vhwwlqj xs
hqwu| eduulhuv1
Lq wklv vhfwlrq zh prgli| rxu prgho suhflvho| lq wklv gluhfwlrq1 Zh lj0
qruh rzqhuvkls ri sk|vlfdo dvvhwv dqg zh lqwurgxfh dq dgglwlrqdo w|sh ri
vnloo/ wkdw zh odeho pdunhwlqj delolw|/ b￿ Wkh fdvhv ri hqwu| dqg frooderudwlrq
duh vxevwlwxwhg e| fhqwudol}dwlrq dqg vshfldol}dwlrq1 Xqghu fhqwudol}dwlrq
wkh hqwuhsuhqhxu hqjdjhv lq wzr dfwlylwlhv= pdqdjlqj wkh uhvhdufk whdp wkh
pdunhwlqj h￿ruw1 Lq wkh vhfrqg fdvh d vhfrqg pdqdjhu lv lqwurgxfhg wkdw
vshfldol}hv lq surylglqj wkh pdunhwlqj vnloo b￿
Wr nhhs wklqjv vlpsoh zh lqwurgxfh wkh pdunhwlqj vnloo b sxuho| dv dq
hqwu| eduulhu= zh dvvxph wkdw ZJ E?￿ grhv qrw ghshqg rq b exw rqo| ZS E?cb￿
grhv1 Lq sduwlfxodu=
YZS
Yb ￿ f￿ Li d pdunhwlqj vshfldolvw lv lqwurgxfhg/ lqfuhdv0
lqj wkh vnloo b kdv d frvw CEb￿c zlwk C￿ : fcC ￿￿ : f￿
Lq wklv prgl￿hg vhwwlqj d edvlf wudgh0r￿ suhydlov= xqghu fhqwudol}dwlrq wkh
hqwuhsuhqhxu lv qrw vshfldol}hg dqg lv qrw deoh wr surylgh h￿ruw iru d pdunhwlqj
vnloo1 \hw nhhslqj d vpdoo qxpehu ri pdqdjhuv uhgxfhv wkh gloxwlrq sureohp1
Xqghu vshfldol}dwlrq d vhfrqg lqglylgxdo lv lqwurgxfhg wkdw lv deoh wr ghyhors
wkh pdunhwlqj vnloo1 Kdylqj d pdujlqdo djhqw lqiruphg djjudydwhv wkh gloxwlrq
sureohp/ vlqfh wkh pdunhwlqj pdqdjhu ehfrphv qhfhvvdulo| lqiruphg1
Lq dgglwlrq ri h{whqglqj wkh suhylrxv uhvxowv/ wkh erwwrpolqh ri wkh prg0
l￿hg prgho lv wkdw lqfuhdvlqj uhwxuqv wr wkh pdunhwlqj vnloo hphujh1 Wklv lv
hyhq li wkh lqyhvwphqw frvw C lv vwulfwo| frqyh{1 Wkh uhdvrq lv wkdw lqwur0
gxflqj wkh qhz pdqdjhu kdv d ￿{hg frvw lqghshqghqwo| ri wkh vnloo ohyho b G
kdylqj rqh pruh pdqdjhu lqiruphg wr vwduw zlwk/ uhtxluhv jlylqj htxlw| wr wkh
pdqdjhu/ wkhuhiruh ghfuhdvlqj wkh phpehuv* vkduhv dqg lqfuhdvlqj ohdndjh1
Lw lv fohdu wkdw wkh gluhfw h￿hfw ri wkh pdunhwlqj vnloo b lv wr pdnh wkh
ohdndjh frqvwudlqw ohvv vhyhuh +
Y?Ebc￿￿
Yb ￿ f dv vkrzq lq wkh Dsshqgl{,1 Lq




’ f wkh htxloleulxp vl}h





Wkh sd|r￿v wr wkh hqwuhsuhqhxu xqghu fhqwudol}dwlrq dqg vshfldol}dwlrq






46-Ebc￿￿’Z JE ?E bc￿ ns Eb￿￿￿ n ?Ebc￿ ns Eb￿￿ZS Ebc?Ebc￿ n s Eb￿￿￿
Zh fdq zulwh wkh sd|r￿v xqghu fhqwudol}dwlrq dqg vshfldol}dwlrq/ ‘ Se?|
dqg ‘ rRc dv=
‘




rR ’ 4@ 
b:fc￿
‘ Ebc￿￿’-E bc￿￿￿CEb￿￿￿ E￿￿￿￿￿
wkh h￿hfw ri wkh qrq0glvforvxuh frqvwudlqw iru wkh vshfldolvw pdqdjhu lv wr
lqwurgxfh d ￿{hg frvw lq wkh dftxlvlwlrq ri wkh pdqdjhphqw vnloo wr wkh ￿up1
Wkh ￿{hg frvw uhvxowv ehfdxvh iru wkh vshfldolvw wkdw lqwurgxfhv d pdujlqdo
vnloo b ’ 0 ehfrphv lqiruphg dqg dowhuv wkh ohdndjh frqglwlrq iurp d orzhu
ohyho=
?E0c￿ n s E0￿￿ ’ ?E0c￿ n￿ ￿*?Efc￿n￿ ￿:?Efc￿nsEf￿￿ ’ ?Efc￿￿
Uhzulwh ‘ rR dv=
‘ Ebc￿￿’Z JE ?E bc￿￿￿ n ?Ebc￿￿ZSEbc?Ebc￿￿￿ ￿ A￿Ebc￿￿
zkhuh A￿ lv wkh wrwdo frvw zkhq lqwurgxflqj wkh pdqdjhphqw vnloo1 A￿ lv
jlyhq e|=
A￿Ebc￿￿’M E bc￿￿nCE b￿n￿E ￿￿n￿￿
M Ebc￿￿’- E bc￿￿ ￿-Efc￿￿
Zh kdyh=
Sursrvlwlrq 6 Wkh dyhudjh wrwdo frvw
A￿Ebc￿￿
b dv d ixqfwlrq ri wkh pdunhwlqj
vnloo b lv X0vkdshg iru d jlyhq whdp vl}h ￿c hyhq li wkh frvw C ri surgxflqj
b lv vwulfwo| frqyh{1
D surri lv qrw uhtxluhg1 Wkh erwwrpolqh lv wkdw lpshuihfw lqwhoohfwxdo
surshuw| uljkwv wrjhwkhu zlwk kxpdq fdslwdo dqg nqrzohgjh lqglylvlelolwlhv
lpso| lqfuhdvlqj uhwxuqv wr wkh pdqdjhphqw vnloo1 Wzr w|sh htxloleuld hphujh=
vpdoo ￿upv +lq whupv ri whdp vl}h ￿, zlwkrxw d pdunhwlqj vshfldolvw/ dqg odujh
￿upv wkdw hqjdjh lq pdunhwlqj vshfldol}dwlrq1
478 Glvfxvvlrq
Wkh idfwruv wkdw d￿hfw ￿up orfdwlrq g|qdplfv duh ehlqj lghqwl￿hg wkurxjk
uhfhqw hpslulfdo frqwulexwlrqv1 Wkh wkhruhwlfdo ghedwh xvhg wr iudph hp0
slulfdo vwxglhv kdv riwhq ehhq nhsw dw dq lqwxlwlyh ohyho= ixoo0eorzq prghov
zkhuh ￿upv* erxqgdulhv/ orfdwlrq dqg nqrzohgjh vslooryhuv duh ghwhuplqhg
kdyh qrw ehhq ghyhorshg1 Pruhryhu/ wkh wkhruhwlfdo dujxphqwv duh xvhg rqo|
wr h{sodlq wkh ehqh￿wv ri vsdwldo djjorphudwlrq1 Vlqfh wkhuh lv hylghqfh wkdw
wkh ehqh￿wv ri djjorphudwlrq fkdqjh zlwk sodqwv* olih f|foh +qhz sodqwv ehq0
h￿w uhodwlyho| ohvv iurp djjorphudwlrq wkdq h{lvwlqj sodqwv 0Gxpdlv hw do1
+<:,,/ wkhruhwlfdo dujxphqwv duh qhhghg wr h{sodlq dovr wkh ehqh￿wv ri vsdwldo
glvshuvlrq1
Zh ghulyh d udwlrqdoh iru wkh ehqh￿wv ri glvwdqfh wr lqgxvwu| fhqwhuv e|
qhz sodqwv wkdw lv edvhg rq wkh frqwudfwxdo lqdelolw| wr surwhfw lqwhoohfwxdo
surshuw| uljkwv1 Wkh hqwuhsuhqhxu frqfhuqhg derxw ohdndjh nhhsv vhfuhw iurp
qrq0phpehuv wkh nqrzohgjh ghyhorshg lq khu sodqw1 Wkurxjk sulydwh surs0
huw| dqg ghfhqwudol}dwlrq frqwudfwv vkh ghqlhv dffhvv wr qrq0phpehuv/ hyhq li
qrq0phpehuv rzq wkh idflolw|1 Li glvwdqfh lqfuhdvhv frppxqlfdwlrq frvwv/ wkh
hqwuhsuhqhxu pdnhv frooxvlrq ehwzhhq hpsor|hhv dqg phpehuv pruh frvwo|
e| qrw orfdwlqj dw wkh fhqwhu ri wkh lqgxvwu|1
Pruhryhu/ zh lghqwli| d ehqh￿w iru wkh hqwuhsuhqhxu iurp rzqlqj wkh
idflolw| +lqwhjudwlrq,1 Qrq0phpehuv duh deoh wr lqgluhfwo| dffhvv wkh ￿up*v
vhqvleoh lqirupdwlrq wkurxjk frooxvlyh r￿huv wr phpehuv/ dv orqj dv wkh|
nqrz wkh orfdwlrq ri wkh idflolw|1 Rzqhuvkls ri wkh idflolw| e| wkh hqwuhsuh0
qhxu jlyhv khu ixoo frqwuro wr xqlodwhudoo| ghwhuplqh doo lwv fkdudfwhulvwlfv/ dv
rssrvhg wr vkduhg rzqhuvkls wrjhwkhu zlwk d qrq0phpehu +d fr0rzqhu wkdw
lv qrw gluhfwo| lqyroyhg lq wkh uhvhdufk whdp,1 Wkurxjk wklv qr0uhodwlrqvkls
zlwk qrq0phpehuv sulqflsoh/ wkh whdp nhhsv wkh orfdwlrq vhfuhw iurp qrq0
phpehuv dqg dfklhyhv lpsuryhg surwhfwlrq ri vhqvleoh nqrzohgjh jhqhudwhg
lq wkh ￿up1
Wkh erwwrpolqh lv wkdw wkhuh lv d ehqh￿w iru qhz sodqwv wr orfdwh dw d
glvwdqfh iurp wkh lqgxvwu| fhqwhu/ hyhq li orfdwlqj lq wkh shulskhu| kdv d
frvw rq rwkhu jurxqgv +wkh gxsolfdwlrq frvw 8 lq rxu prgho,1 Wkh ehqh￿w
wr qhz sodqwv iurp glvwdqfh lv juhdwhu iru qhz ￿upv wkdq iru h{lvwlqj ￿upv/
vlqfh wkh iruphu ehqh￿wv dgglwlrqdoo| iurp wkh ehqh￿w ri orfdwlrq1
Rxu uhvxow rq wkh frvwv ri frooderudwlrq +vkdulqj dq dvvhw, fdq eh uh0
lqwhusuhwhg lq whupv ri wkh frvwv ri klulqj vshfldolvw pdqdjhphqw zkhq zh
jhqhudol}h rxu iudphzrun lq vhfwlrq 71 Vshfldolvw pdqdjhphqw lqfuhdvhv h!0
48flhqf| exw pdnhv wkh gloxwlrq dqg ohdndjh sureohpv pruh vhyhuh1 Dv d uhvxow/
zh ￿qg lqfuhdvlqj uhwxuqv wr wkh vshfldolvw pdqdjhphqw vnloo1
Dowkrxjk zh vhh rxu frqwulexwlrq dv rqo| d ￿uvw vwhs wrzdugv d wkh0
ru| ri vsdwldo djjorphudwlrq dqg glvshuvlrq/ zh uhjdug pruh jhqhudoo| wkh
qr0lqwhoohfwxdo surshuw| uljkwv dssurdfk wr ￿up orfdwlrq dv srwhqwldoo| yhu|
iuxlwixo1
49Uhihuhqfhv
^4‘ Dxguhwvfk dqg Ihogpdq/ P1 +<9,/ ￿Lqqrydwlyh Foxvwhuv dqg wkh Lqgxvwu|
O|ih F|foh￿/ Uhylhz ri Lqgxvwuldo Rujdql}dwlrq/ 44 = 58605:61
^5‘ Dxguhwvfk dqg Vwhskdq/ S1H1 +<9e,/ ￿Frpsdq|0Vflhqwlvw Orfdwlrq Olqnv=
wkh Fdvh ri Elrwhfkqrorj|￿/ Dphulfdq Hfrqrplf Uhylhz/ yro ;9/ qJ￿c
ss197409851
^6‘ Flffrqh/ D1 dqg U1 H1 Kdoo/ ￿Surgxfwlylw| dqg wkh Ghqvlw| ri Hfrqrplf
Dfwlylw|￿/ Dphulfdq Hfrqrplf Uhylhz/ yro1 ;9/ qJ 4/ Pdufk 4<<9/ ss1
870:31
^7‘ Gruu/ U1F/ dqg F1K1 Pxqfk/ ￿Surwhfwlqj Wudgh Vhfuhwv/ Sdwhqwv/ Frs|0
uljkwv dqg Wudghpdunv￿/ Zloh|0Odz/ 4<<81
^8‘ Gxpdlv/ J1/ J1 Hoolvrq dqg H1O1 Jodhvhu +<:,/ ￿Jhrjudsklf Frqfhqwud0
wlrq dv d G|qdplf Surfhvv￿/ QEHU Zrunlqj Sdshu 95:3/ Rfwrehu 4<<:1
^9‘ Jodhvhu/ H1O1/ +<;,/ ￿Duh Flwlhv G|lqjB￿/ Mrxuqdo ri Hfrqrplf Shuvshf0
wlyhv/ yro1 45/ qJ 5/ Vsulqj 4<<;/ ss1 46<04931
^:‘ Jodhvhu/ H1O1/ K1G1 Ndoodo/ M1D1 Vfkhlqnpdq dqg D1 Vkohlihu +<5,/
￿Jurzwk lq Flwlhv￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 4<<5/ yro1 433/ qJ
941
^;‘ Jodhvhu/ H1O1/ M1D1 Vfkhlqnpdq dqg D1 Vkohlihu +<8,/ ￿Hfrqrplf jurzwk
lq d furvv0vhfwlrq ri flwlhv￿/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 69 +4<<8,
44:0761
^<‘ Ohh/ O1F1 dqg M1V1 Gdylgvrq/ ￿Pdqdjlqj Lqwhoohfwxdo Surshuw| Uljkwv￿/
Zloh|0Odz/ 4<<61
^43‘ Slruh/ P1M1/ U1 N1 Ohvwhu dqg N1P1 Pdohn +4<<:,/ ￿Wkh Glylvlrq ri Od0
eru/ Frruglqdwlrq dqg Lqwhjudwlrq= Fdvh Vwxglhv lq wkh Rujdql}dwlrq ri
Surgxfw Ghvljq lq wkh Eoxh Mhdqv Lqgxvwu|￿/ plphr/ PLW Vordq Vfkrro
ri Exvlqhvv/ Pdufk 4<<:1
^44‘ Urguljxh}0Sdohq}xhod/ G1/ +<<d,/ ￿Frppxqlfdwlrq Frvwv/ Vhfuhf| dqg
wkh Erxqgdulhv ri wkh Ilup￿/ plphr/ Xqlyhuvlwdw Srpshx Ideud/ Mdqx0
du| 4<<<1
4:^45‘ Urguljxh}0Sdohq}xhod/ G1/ +<<e,/ ￿Ilupv* Foxvwhu dv Uhflsurflw| lq
Nqrzohgjh Vslooryhuv￿/ plphr/ Xqlyhuvlwdw Srpshx Ideud/ Dsulo 4<<<1
^46‘ Wkh Hfrqrplvw/ ￿Wkh frpsolfdwlrqv ri foxvwhulqj￿/ Mdqxdu| 5?_ 4<<</
sdjhv 8:08;1
^47‘ Wluroh/ M1 +<5, ￿Frooxvlrq dqg wkh Wkhru| ri Rujdql}dwlrqv￿/ lq Dgydqfhv
lq Hfrqrplf Wkhru|= Vl{wk Zruog Frqjuhvv/ yro1 5/ hglwhg e| Mhdq0
Mdftxhv Od￿rqw1 Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1
^48‘ Yrq Klssho/ H1/ ￿Wkh Vrxufhv ri Lqqrydwlrq￿/ R{irug Xqlyhuvlw| Suhvv/
4<;;1
4;Dsshqgl{
Surri ri Sursrvlwlrq 4=
Zh suryh wkh rswlpdoolw| ri wkh 50zdjh vfkhph ri sursrvlwlrq 4 e| frqwudglf0
wlrq1 Zh vd| wkdw dq lqfhqwlyh vfkhph lpsohphqwv ? jlyhq ￿c zkhq lq htxloleulxp
dw | ’ 2 rqo| ? phpehuv frppxqlfdwh zlwk dq hqwudqw1
D jhqhudo vfkhph jlyhv /5 EZJ￿ wr djhqw 5c wkdw fdq hlwkhu eh d phpehu
+5 5 i￿j, ru d qrq0phpehu zlwk vwdnh +5 5i - j ,1 Iurp wkh dvvxpswlrq wkdw
prqh| fdqqrw eh ghvwur|hg dqg vlqfh 5 lqfoxghv doo vwdnh0kroghuv/ /5 vdwlv￿hv= S
5 /5 EZJ￿’Z J￿
Gh￿qh rE?￿ ￿ ZS E?￿ ￿ |E￿￿ dqg fdoo ? wkh hqwu| ohyho lpsohphqwhg e| wkh




Z JE ? ￿￿
￿
￿￿?
Z JE ?n￿ ￿











Z JE ?n￿ ￿
vr lq sduwlfxodu iru ?￿ ’ ? ￿￿G
E ￿n￿￿? ￿rE ? ￿:Z JE ?￿￿￿ ￿ ZJ E?￿ +6,
Li d jhqhudo vfkhph /5 lpsohphqwv ?￿ ’ ? ￿ ￿ +lw lv vwudljkwiruzdug wr vkrz
wkh frqwudglfwlrq iru dq| ? orzhu wkdq ?￿, wkhq lw vdwlv￿hv/ iru doo phpehuv lq
% 5 U ’ i?￿ n￿ c￿￿￿c￿jwkdw wkh| gr qrw zdqw wr wudgh zlwk qrq0phpehuv=
rE?
￿ n￿ ￿￿/ %E Z JE ?
￿￿￿ ￿ /% EZJ E?
￿ n ￿￿￿ +7,
vr wkdw=
E￿ ￿ ? n￿ ￿rE ? ￿￿
[
% M U
/ %E Z JE ?￿￿ ￿￿ ￿
[
%MU
/% EZJ E?￿￿ +8,
Pruhryhu/ vlqfh wkhuh duh qr uhvwulfwlrqv wr frooxvlyh djuhhphqwv/ iru i/5j
￿n-
5’￿
wr lpsohphqw ?￿ lw pxvw eh wkdw iru dq| vxevhw F￿i ￿ j^i - jri phpehuv
4<dqg2ru vwdnh kroghuv/ wkh mrlqw vxusoxv ri wkh phpehuv lq F zkhq wudglqj zlwk d
qrq0phpehu lv qrw juhdwhu wkdq zkhq qr wudglqj=
;F ￿ i￿j^i - jaF _ i ￿ ￿ ?
￿ j 9 ’ > +9,
rE?
￿ n￿ ￿ ￿
[
5M ￿
i / 5E Z JE ?
￿￿￿ ￿ /5 EZJ E?
￿ n ￿￿￿j
Vr lq sduwlfxodu iru % 5 U=
rE?






￿￿￿ ￿ /5 EZJ E?
￿ n ￿￿￿j
Iurp +7, lw lv fohdu wkdw=
rE?
￿ n￿ ￿ ￿ / %E Z JE ?
￿￿￿ ￿ /% EZJ E?








￿￿￿ ￿ /5 EZJ E?
￿ n ￿￿￿j
&
Dgglqj +:, iru doo % 5 U=
E￿ ￿ ?
￿￿ rE?
￿ n￿ ￿ ￿
[
% MP
i / %E Z JE ?


















￿￿ ￿ ZJ E?
￿ n￿ ￿
Iru ?￿ ’ ? ￿ ￿ zh kdyh=
E￿ ￿ ? n￿ ￿rE ? ￿￿Z JE ?￿￿￿ ￿ ZJ E?￿
wkdw frqwudglfwv +6,1
53Surri ri Sursrvlwlrq 5=
Zh uhvwulfw rxuvhoyhv khuh wr olqhdu 50zdjh vfkhphv dv lq sursrvlwlrq 41 Wkh
surri ri wkh rswlpdoolw| ri vxfk vfkhph lq wkh fdvh ri frooderudwlrq lv wkh vdph
dv lq sursrvlwlrq 41 Wkh nh| srlqw lv wkdw wkh rzqhu ri wkh dvvhw R k d vdo r z h u
frvw ri frppxqlfdwlrq exw srvhv wkh vdph wkuhdw wkdw wkh rwkhu djhqwv/ vlqfh R*v
qrq0glvforvxuh frqvwudlqw lv=
ZS Eh ? n￿ ￿￿|E￿￿ n KR{ZJ Eh ? n￿ ￿￿f
Wkhuhiruh R lv wkh ￿uvw djhqw qrw0wr eh jlyhq htxlw|1 Iru wkh uhvw ri djhqwv=
ZS Eh ? n￿ ￿￿|E ￿￿ n K%{ZJ Eh ? n ￿ ￿’f iru % 5 ih ? n￿ c￿￿c￿ ￿ ￿j
ZS Eh ? n￿ ￿￿|E ￿￿ n K￿{ZJ Eh ? n￿ ￿ ￿ f iru % ’ ￿
E￿ n￿￿h ?E ￿￿￿K% n K￿ ’￿
Wklv lpsolhv wkdw wkh exgjhw frqvwudlqw vdwlv￿hv= K% ’ ￿
￿n￿3h ?￿ Wkh surjudp
fdq eh uhzulwwhq dv=
h ?E￿￿’4 ￿ ? h ? 5 i ￿ c￿￿c￿n￿ j





{ Z JE h ?n￿ ￿￿f
Lw lv fohdu wkdw h ?E￿￿’? E ￿n￿ ￿ :? E ￿ ￿zkhuh ?E￿￿ lv dv gh￿qhg lq
sursrvlwlrq 41
Vshfldol}dwlrq yv Frooxvlrq=
Lq wklv fdvh wkh uhohydqw surjudp lv=
4￿?? 5 i￿c￿￿c￿j





{ Z JE ?n￿ ￿￿f
Vlqfh
YZS
Yb ￿ fc lw lv fohdu wkdw b uhod{hv wkh qrq0glvforvxuh frqvwudlqw dqg
?Ebc￿￿ ￿ ?Eb
￿c￿￿iru b





frqvwudlqw lv vdwlv￿hg iru dq| whdp vl}h ￿ dqg lq sduwlfxodu iru ￿W lq Uhvxow 41
54Wklv lpsolhv lq sduwlfxodu wkdw iru dq| phpehu dqg iru dq| vwdnh kroghu 5=
/5 EZJ E?
￿￿￿ ￿ /5 EZJ E?
￿ n￿ ￿ ￿￿f +;,
Iurp +6, dqg +8,=
[
5MU
/5 EZJ E? ￿ ￿￿￿￿
[
5MU
/5 EZJE?￿￿ :Z JE ?￿￿￿ ￿ ZJ E?￿ +<,
Vlqfh
S
5MU /5 EZJ E? ￿ ￿￿￿ ￿ ZJ E? ￿ ￿￿c zh kdyh=
[
5MU
/5 EZJ E?￿￿ ￿Z JE ? ￿’
[
5 M U
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